Countercurrent chromatography is a versatile technique for the isolation of a wide variety of plant substances. However, little attention has been devoted to the application of this technique for the isolation of porphyrins. This class of compounds are of great importance in the medical area and in photocatalysis due to their heterocyclic structure, composed of four modified pyrrol subunits interconnected on their α carbon atoms by methinic bridges. The methanol extract of Gallesia integrifolia was partitioned using different solvents; the dichloromethane fraction was then submitted to countercurrent chromatography. The solvent system composed of n-hexane, ethyl acetate, methanol, and water (1:2.5:2.5:1) was chosen to perform the chromatographic analysis due to the enhanced solubility and the best distribution coefficients of the target compounds. Two porphyrins were isolated by this method and identified as 13 2 -hydroxypheophorbide a methyl ester and pheophorbide a, methyl ester. The solvent system proposed provided good distribution coefficients for both substances (1.27 and 1.87, respectively), and a high resolution factor.
Terpenoids (especially triterpenoids) are the major compounds found in the Phytolacaceae family [2a,2b] . Preliminary phytochemical studies on G. integrifolia indicated the presence of two major porphyrins. Separation of these compounds from plant extracts by classical chromatographic techniques often involves irreversible adsorption phenomena on the solid stationary phase that usually cause loss of sample [3] . This problem can be overcome by using high performance countercurrent chromatography (HPCCC) that does not employ a solid-phase support [4a,4b] . One of the advantages of HPCCC against other countercurrent chromatographic techniques is the possibility of shorter separation times due to higher rotational speed and hence the higher g-levels obtained. This feature permits the use of high flow rates with stationary phase retentions greater than 75% [4b].
To the best of our knowledge, there is only one report describing the isolation of a chlorophyll derivative by countercurrent chromatography using a biphasic solvent system comprised of n-hexane and methanol (2:1, v/v) [5] ; however, this system does not provided good stationary phase retention, especially in hydrodynamic apparatus. For this reason, the aim of this study was to determine a method for the separation of porphyrins using highperformance countercurrent chromatography (HPCCC).
In this study, several tests were performed to select the most suitable solvent system for the target compounds. The correct choice of a biphasic solvent system, essential to the success of the separation, was based on the partition coefficients of the porphyrins found in the dichloromethane fraction. The Arizona solvent system of n-hexane-ethyl acetate-methanol-water (1:1:1:1, v/v) was modified by fine-tuning the ethyl acetate and methanol proportions from 1 to 2.5. This provided the best distribution of components between the phases.
The upper organic phase of the solvent system n-hexane-ethyl acetate-methanol-water (1:2.5:2.5:1) was used as the stationary phase in order to retain less polar constituents found in the dichloromethane fraction. After the mobile phase front emerged and hydrodynamic equilibrium (S f = 83.8%) was established, the dichloromethane fraction was injected and the compounds were eluted through the coil columns and collected in 4 mL fractions.
Seven peaks were observed on the chromatogram. The first three peaks (Kd from 0 to 0.27) correspond to a complex mixture of substances that was not the aim of this study. The fourth peak (T R 73.7 min Kd 0.42) represents a mixture of four substances not yet identified. Peak five (T R 89.7 min Kd 0.56) was pure and probably corresponds to another natural pigment but, unfortunately, it was not possible to perform NMR analysis due to the small amount of substance isolated. The sixth and seventh peaks (T R 174.7 min Kd 1.27 and T R 246.7 min Kd 1.87) were completely separated from the extract and identified as 13 2 -hydroxypheophorbide a methyl ester (1, 7.0 mg) and pheophorbide a methyl ester (2, 5.0 mg), respectively. The selectivity factor (α) between the peaks 5-7 was NPC Natural Product Communications 2014 Vol. 9 No. 6 841 -842 842 Natural Product Communications Vol. 9 (6) 2014 Ramos et al.
higher than 1.5; indicating that the separation of these substances was successfully performed without any interference between them.
The results showed the efficiency of this methodology using an isocratic solvent system for the separation of substances of the same class with different polarities and distribution coefficients. Pheophorbide a methyl ester and 13 2 -hydroxipheophorbide a methyl ester are reported for the first time from G. integrifolia. The solvent system used was efficient in the exploration of differences between the distribution coefficients of the porphyrins obtained from the dichloromethane fraction. This research demonstrates that HPCCC is a versatile technique for the separation of porphyrins, providing a good separation due to higher sample recovery, without degradation of these substances.
Experimental
General: HPCCC was performed in a Dynamic Extractions Spectrum HPCCC instrument (Berkshire, UK) equipped with 2 interchangeable multilayer coil columns, 1.6 mm i.d. and total capacity of 142 mL. The revolution speed can be adjusted from 200 to 1600 rpm and the β-value ranges from 0.52 to 0.86. The HPCCC system was equipped with a Knauer Smartline 2500 V7604 UV absorbance detector (Berlin, Germany), a Knauer Smartline 100 V5010 pump (Berlin, Germany), a manual injection valve with a 5 mL loop and a Büchi C-660 automatic fraction collector (Flawil, Switzerland) . NMR, Bruker DPX-500; Accurate mass measurements were determined using a Bruker Daltonics MicroTOF-Q II mass spectrometer (Billerica, USA).
Plant material:
The leaves were collected in the municipality of Quissamã (Rio de Janeiro, Brazil) in April 2010. A specimen was identified by Dr João Marcelo Alvarenga Braga (Jardim Botânico do Rio de Janeiro, Rio de Janeiro) and a voucher specimen (H8389) was deposited in the UENF herbarium at the Universidade Estadual do Norte Fluminense, Rio de Janeiro, Brazil. The dried leaves (307.5 g) were pulverized and submitted to exhaustive maceration with methanol at room temperature. The methanol extract (11.9 g) was solubilized in a methanol-water (3:7, v/v) solution before being fractionated by successive liquid-liquid partition with n-hexane, dichloromethane, ethyl acetate, and n-butanol, with increasing order of polarity. After this procedure, all fractions were analyzed by TLC in order to verify which extract contained the porphyrins. The dichloromethane extract was chosen for HPCCC.
Selection of solvent system and sample solution:
Empirical screening of the solvent system was made by the direct measurement of the distribution coefficients using the shake-flask method [6] . A small amount of the dichloromethane fraction was first dissolved in n-hexane-ethyl acetate-methanol-water (1:1:1:1, v/v). The sample was shaken and the compounds were partitioned between the two phases. An aliquot of each phase was spotted onto a TLC plate, which was eluted with n-hexane-ethyl acetate (55:45 v/v). The result was visualized after spraying the plate with a solution of vanillin-H 2 SO 4 and heating. This solvent system was adjusted by slightly changing the ethyl acetate and methanol contents in the aqueous phase, up to n-hexane-ethyl acetatemethanol-water (2:5:5:2, v/v); this was used for the HPCCC separation. After the empirical screening, 2 L of n-hexane-ethyl acetate-methanol-water (2:5:5:2, v/v) were vigorously mixed in a magnetic stirrer. Next, the phases were degassed by sonication for 15 min. The injected sample solution was prepared by dissolving the dichloromethane fraction (110 mg) in a mixture of 2.5 mL of the upper organic phase and 2.5 mL of the lower aqueous phase.
HPCCC procedure: The HPCCC column was filled with the upper organic phase of solvent system A and the rotor was started and set at 1200 rpm. The lower aqueous phase of this system was pumped into the center-to-periphery direction at a flow rate of 1.0 mL.min -1 . The organic stationary phase volume (Vs) initially retained in the HPCCC column was 121 mL (Sf = 83.8%; V M = 23 mL). The sample solution was injected at the same flow rate. The eluting mobile phase was collected in 4 mL fractions and was monitored with a UV detector at 660 nm. After collecting 65 fractions (260 mL and Kd 1.99), the rotation was stopped and the coil content (upper and lower phases) was collected. All fractions were combined according to their TLC profile. The pure porphyrins were identified by elucidation of their 1 H-and 13 C-NMR spectra and by comparison with literature data [7a-7c] .
